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Description 

Blind-Spot Warning System For An 
Automotive Vehicle 

Cross Reference to Related Applications 

[0001] The present invention claims priority to provisional appli- 
cation no. 60/476,521 filed on June 6, 2003. 
Background of Invention 

[0002] Collision warning systems are becoming more widely 

used. In general, collision warning systems provide a ve- 
hicle operator knowledge and awareness of objects or ve- 
hicles within close proximity so as to prevent a collision 
with those objects. Current collision warning systems are 
unitary in nature in that they only warn the operator of the 
vehicle containing the collision warning system of a po- 
tential collision. A sensor located on a vehicle, upon sens- 
ing an object generates an object detection signal, which 
is communicated to the operator of that vehicle. 

[0003] Warning systems for vehicles that are directed to the rear 
of the vehicle are known. However, high end warning sys- 



terns require expensive sensors and sensing equipment. 
Conversely, most inexpensive systems cannot provide the 
required performance across all ranges of environment 
conditions and target types. Also, rear-sensing systems 
tend to monitor the rear of the vehicle without monitoring 
the transition of a vehicle from the rear of the vehicle to 
the blind-spot. 

[0004] Therefore, it would be desirable to provide an improved 

blind-spot warning system. The improved system may in- 
crease reaction time and decrease the probability of a col- 
lision occurring while reducing costs associated with the 

system. 
Summary of Invention 

[0005] | n one aspect of the invention, a host vehicle system in- 
cludes a blind-spot warning system providing an indica- 
tion to the host vehicle of a target vehicle entering a 
blind-spot. The system includes a vehicle bus receiving 
various vehicle control signals, magneto-resistive sensors 
receiving proximity information as a function of magnetic 
field variations, a smart algorithm controller analyzing bus 
signals and sensor signals, and various vehicle collision 
systems such as passive restraints, optical light guides, 
and audible warnings operating in response to a threat 



from a target vehicle. 

[0006] | n a further aspect of the invention, a method for operat- 
ing a blind-spot detection system for a host vehicle in- 
cludes sensing magnetic field changes caused by a target 
object in or near a vehicle blind-spot. A magnetic field 
signature is generated as a function of the magnetic field 
changes. At least one algorithm is processed as a function 
of the magnetic field signature, and a countermeasure is 
activated in response to signals indicating a target vehicle 
in or near the vehicle blind-spot as a function of the pro- 
cessing of the algorithm. 

[0007] Accordingly, an advantage of the present invention is to 
provide an improved blind-spot warning system for use in 
an automotive vehicle. 

[0008] Advantages over optical and hall sensor techniques are 
numerous in that these sensors are inexpensive, are well 
suited for variable temperatures and rugged environ- 
ments, and offer excellent response and significantly less 
need for readjustment when the system is jostled or vi- 
brating. 

[0009] Another advantage of the present invention is that it in- 
creases the reaction time for both operators of the target 
vehicle and the approaching vehicle. Thereby, decreasing 



the probability of a collision between the two vehicles. 
[0010] other advantages and features of the present invention 
will become apparent when viewed in light of the detailed 
description of the preferred embodiment when taken in 
conjunction with the attached drawings and appended 
claims. 

Brief Description of Drawings 

[001 1] Figure 1 is a top diagrammatic view of a host vehicle in 
accordance with one embodiment of the present inven- 
tion; 

[0012] Figure 2 is a system diagram of the host vehicle of Figure 
1; 

[0013] Figure 3A is a top view of a magneto-resistive sensor in 
accordance with another embodiment of the present in- 
vention; 

[0014] Figure 3B is a side view of Figure 3A; 

[0015] Figure 4A is a graph of magneto-resistive sensor proper- 
ties of a sensor in a westward direction, perpendicular to a 
direction of travel of a target vehicle; 

[0016] Figure 4B is a graph of magneto-resistive sensor proper- 
ties of the sensor of Figure 4A in a southward direction, 
opposing a direction of travel of the target vehicle; 



[0017] Figure 4C is a graph of magneto- resistive sensor proper- 
ties of the sensor of Figure 4A in an upwards direction, 
perpendicular to the earth over which the target vehicle is 
passing; 

[0018] Figure 4D is a graph of magneto-resistive sensor proper- 
ties of the sensor of Figure 4A wherein a magnitude of the 
target vehicle is illustrated; and 

[0019] Figure 5 is a flow chart of the operation of the blind-spot 

warning system. 
Detailed Description 

[0020] | n the following figures the same reference numerals will 
be used to illustrate the same components. While the 
present invention is described with respect to a particular 
method and apparatus for blind-spot warning, various 
adaptations will be evident to those skilled in the art. 

[0021] Referring now to Figures 1 and 2, a host vehicle system 
10 having a blind-spot warning system 12, in accordance 
with one embodiment of the present invention, is illus- 
trated. Representations of blind-spots 14, 15 are illus- 
trated. The blind-spots 14, 15 are the areas beyond which 
the external rear-view mirrors 17, 19 cannot see without 
requiring the driver to glance back. The blind-spots 14, 
15 may be of many shapes and sizes depending on vari- 



ous factors such as mirror size and vehicle configuration. 

[0022] The blind-spot warning system 12 provides an indication 
to the host vehicle driver as to the entering of a target ve- 
hicle within at least one of the blind-spots 14, 15. The 
system 12 includes a vehicle bus 39 receiving various ve- 
hicle control signals 32, magneto-resistive sensors 16, 18 
receiving proximity information 34, a smart algorithm 
controller 36 (digital signal processor and smart algo- 
rithms), a vehicle warning interface 38, and various vehi- 
cle collision systems such as passive restraints 40, optical 
light guides 42, and audible warnings 44. All of these de- 
vices will be discussed later. 

[0023] The host vehicle 10 includes two magneto-resistive sen- 
sors 16, 18 having respective fields of view 20, 22. The 
fields of view 20, 22 may not overlap or may slightly over- 
lap blind-spots 14, 15. Therefore, the present invention 
also monitors the transition from the sensor fields of view 
20, 22 to the blind-spots 14, 15. Sensors 16, 18 are 
preferably magneto-resistive sensors. 

[0024] Today"s technology allows small sensors to be placed in- 
conspicuously on rear panels 30, 32 of the vehicle so as 
not to become aesthetically displeasing. Various locations 
near the rear of the vehicle 10 including the trunk lid 60, 



the tailgate 62, the bumper 64, an area above the tires 66, 
68, an area within vehicle side panels 30, 32, or a rear 
portion of the roof 70 may all be desirable locations for 
the sensors 16, 18. 

[0025] The sensors 16, 18, sense target objects or vehicles. A 
target vehicle is any vehicle proceeding from directly be- 
hind host vehicle 10 to approaching the host vehicle 10 
on the passenger side and eventually entering into one of 
the blind-spots 14, 15. 

[0026] Referring now to Figure 2, a block diagram of the blind- 
spot warning system 12 or Next Generation Blind-spot 
Detection System (NC-BDS) is illustrated. As was men- 
tioned, the system 12 includes the magneto-resistive 
sensors 16, 18 receiving proximity information 34; the 
vehicle bus 39 receiving various vehicle control signals 32; 
the smart algorithm controller 36 processing signals from 
the vehicle bus 39 and the magneto-resistive sensors 16, 
18; the vehicle warning interface 38 responding to con- 
troller signals; and various vehicle collision systems acti- 
vated in response to signals from the vehicle warning in- 
terface 38. 

[0027] The magneto-resistive sensors 16, 18, which are illus- 
trated in Figures 3A and 3B, receive proximity information 



34 from areas 20, 22. A top view of a sensor 16 or 18 is 
illustrated in Figure 3A, and a side view of the sensor 16 
or 18 is illustrated in Figure 3B. Both sensors 16, 18 are 
embodied as passive such that no power is required in or- 
der to activate the system 12, however, signals received 
from the sensors 16, 18 are in the form of changes in 
current as a function of magnetic field changes. The mag- 
neto-resistive sensors 16, 18 make use of magnetic field 
changes that occur when metallic compounds, such as 
target vehicles, pass within close proximity of their re- 
spective permanent magnets. The field changes are re- 
ceived in the controller 36 to determine the properties of 
the target vehicle"s motion. These small sensors 16, 18 
are effective in observing linear as well as circular motion. 
[0028] The magneto-resistive sensors 16, 18 are mounted in the 
rear quarter panels 30, 32 of the vehicle 10 as displayed 
in Figure 1. The sensors 16, 18 can determine the magni- 
tude and direction of magnetic field variation within a 
range of, for example, 15 meters. These sensors 16, 18 
have sufficient sensitivity to measure variations in the 
Earth"s magnetic field to, for example, 1 part in 12000. 
Once a sufficient magnetic field variation is observed and 
is correlated to the vehicle"s dynamics in the controller 



36, a suitable countermeasure is determined and imple- 
mented. 

[0029] The first magneto-resistive sensor 16 senses a first mag- 
netic field variation in a first sensor area 20, and the sec- 
ond magneto-resistive sensor 18 senses a second mag- 
netic field variation in a second sensor area 22. In other 
words, in response to target vehicles entering one or both 
of the sensor areas 20, 22, signals are generated through 
the respective sensors 16, 18 as a function of magnetic 
field variation. 

[0030] The smart algorithm controller 36 or Digital Signal Pro- 
cessor (DSP), including logic further illustrated in Figure 5, 
implements advanced algorithms for processing signals 
from the vehicle bus 39 and the magneto-resistive sen- 
sors 16, 18. These advanced algorithms, also referred to 
as smart algorithms, include, for example, a magnetic 
signal conditioning algorithm including filtering and 
smoothing algorithms, a temporal and signal strength 
correlation algorithm, a vehicle state definition algorithm, 
and a countermeasure state definition algorithm. 

[0031] The controller 36 is preferably a microprocessor-based 

controller having a central processing unit, internal mem- 
ory such as RAM or ROM, and associated inputs and out- 



puts communicating across the 39 bus. The controller 36 
may be a portion of a central vehicle main control unit or 
stand-alone unit. The controller 36 may include various 
processing units which may be incorporated as separate 
devices or as an integral part of the controller. 

[0032] The controller 36 receives information from the magneto- 
resistive sensor (MRS) and vehicle status data from the ve- 
hicle gateway bus. In real-time, the advanced algorithms 
determine the likelihood of a threat on the roadway. Once 
the severity of a threat has been determined, the con- 
troller 36 communicates through the vehicle interface unit 
38 that can result in optical, audible, or voice warnings, 
including the use of a passive restraint system 40. 

[0033] The vehicle interface unit 38 or vehicle warning interface 
receives signals from the controller 36 and activates vehi- 
cle systems including, for example, optical warnings from 
dashboard lights 74 or light guides 42 or a light emitting 
diode (LED), audible warnings from the radio 44 or a 
speaker, visual warnings from a heads-up display, or 
voice warnings from a pre-crash warning system 76. The 
embodied interface unit 38 also activates the passive re- 
straint system 40 when a threat in the blind-spot is deter- 
mined by the controller 36. 



[0034] The vehicle bus 39 receives various vehicle control signals 
32 and generates therefrom vehicle status data. Sensors 
and control units generating vehicle control signals in- 
clude, for example, a vehicle type information unit 77 
generating vehicle type information, vehicle speed sensors 
78 generating vehicle speed signals, an RPM (revolutions 
per minute) reader 80 generating RPM signals, a heading 
indicator 82 generating a heading of host vehicle signal, a 
location indicator 84 such as a GPS system generating a 
location of vehicle signal, a directional signal generator 86 
generating a host vehicle directional signal (e.g. left, right, 
heading), a steering wheel angle sensor 88 generating a 
steering wheel angle signal, and a brake status sensor 90 
generating a brake status signal. One skilled in the art will 
realize that the vehicle bus 39 may also receive various 
other sensor and control signals. 

[0035] Referring now to Figures 4A-4D, experimental results of 
magneto-resistive sensors sensing a target vehicle pass- 
ing a host vehicle are illustrated. As illustrated, the mag- 
neto-resistive sensors 16, 18 can easily determine the 
presence of the target vehicle in a host vehicle blind-spot 
and detect the relative motion of the vehicles, which may 
be used in threat detection algorithms. Figure 4A is a 



graph of magneto-resistive sensor properties of a sensor 
is in a westward direction, perpendicular to a direction of 
travel of a passing vehicle. Figure 4B is a graph of mag- 
neto-resistive sensor properties of the sensor of Figure 
4A in a southward direction, opposing a direction of travel 
of the passing vehicle. Figure 4C is a graph of magneto- 
resistive sensor properties of the sensor of Figure 4A in 
an upwards direction, perpendicular to the earth over 
which the vehicle is passing. Figure 4D is a graph of mag- 
neto-resistive sensor properties of the sensor of Figure 
4A wherein a magnitude of the passing vehicle is illus- 
trated. 

[0036] Referring to Figure 5, a flow chart 100 of the operation of 
the blind-spot warning system, in accordance with an- 
other embodiment of the present invention, is illustrated. 
Logic starts in operation block 102 when a target vehicle 
or object is sensed in the sensor 16 or 18. 

[0037] | n operation block 104, the vehicle gateway bus 39 re- 
ceives vehicle control signals 32 and generates therefrom 
a vehicle bus signals. 

[0038] | n operation block 106, the controller 36 or digital signal 
processor receives the change of current or magnetic field 
signature from the sensor 16 or 18 and the vehicle bus 



signals and activates various algorithms to process the 
signals. 

[0039] | n operation block 108, a magnetic signal conditioning al- 
gorithm is activated; and the magnetic field signature is 
filtered and smoothed. 

[0040] | n operation block 110, a temporal and signal strength 
correlation algorithm is activated; and the magnetic field 
signature is analyzed to determine the proximity and size 
of the target vehicle. 

[0041] in operation block 112, a vehicle state definition algo- 
rithm is activated; and the state of the host vehicle in re- 
lation to the target vehicle is determined. 

[0042] in operation block 114, a countermeasure state definition 
algorithm is activated; and a determination is made 
whether a countermeasure is required and also which 
countermeasure may be required. 

[0043] in operation block 116, countermeasures are activated in 
response to signals from operation block 114 indicating a 
target vehicle in or near a blind-spot 14 or 15 of the host 
vehicle 10. 

[0044] This technology is relatively low cost and holds the poten- 
tial to be implemented with high operating performance. 
[0045] in operation, a method for operating a blind-spot detec- 



tion system for a host vehicle includes sensing magnetic 
field changes caused by a target object in or near a vehi- 
cle blind-spot; and generating a magnetic field signature 
as a function of the magnetic field changes. The method 
also includes receiving a vehicle control signal from a ve- 
hicle system and generating a vehicle bus signal from the 
vehicle control signal. 

[0046] The method still further includes processing an algorithm 
as a function of the vehicle bus signal and the magnetic 
field signature. This processing may include determining 
required countermeasures necessary to reduce a likeli- 
hood of an accident, processing a magnetic signal condi- 
tioning algorithm for filtering and smoothing the mag- 
netic field signature, processing a temporal and signal 
strength correlation algorithm for analyzing the magnetic 
field signature for determining a proximity and size of the 
target object, processing a vehicle state definition algo- 
rithm whereby a state of the host vehicle in relation to the 
target object is determined, or processing a countermea- 
sure state definition algorithm for determining whether a 
countermeasure is required and which countermeasure 
may be required. 

[0047] | n response to signals generated during the processing 



steps, a countermeasure is activated in response to sig- 
nals indicating a target vehicle in or near the vehicle 
blind-spot. 

[0048] while particular embodiments of the invention have been 
shown and described, numerous variations and alternate 
embodiments will occur to those skilled in the art. Ac- 
cordingly, it is intended that the invention be limited only 
in terms of the appended claims. 



